Magnetic resonance imaging (MRI) accounts for a significant proportion of the cost to manage patients with shoulder pain. Improved decision making for MRI use could result in a meaningful reduction in the total number of studies ordered and thereby costs of treating shoulder pain. This study aimed to document MRI ordering patterns for patients with shoulder pain and to propose a protocol to guide efficient management of these patients.
healthcare reimbursement placing more and more emphasis on the delivery of cost-efficient care, a consistent and efficient process to evaluate shoulder pain will be of value to health systems.
The purpose of this study was to evaluate MRI ordering patterns for patients with shoulder pain. The second purpose was to propose a protocol for cost-efficient evaluation and treatment of patients presenting with shoulder pain. It was hypothesized that there is a high rate of unnecessary MRI studies ordered prior to the patient seeing the surgical specialist, representing a significant opportunity for cost savings.
Methods

Data source and inclusion criteria
A retrospective study was conducted of all new patient visits to an orthopedic surgery shoulder and elbow specialty practice for the 12-month period beginning in July 2012 and ending in June 2013. Patients were identified by searching the Cerner Powerchart scheduling system, and all patients presenting with a chief complaint of shoulder pain and 18 years of age or older were included in the study. Patient medical records were examined and the following information was recorded: sex, age at the time of the new patient visit; MRI studies and their findings done within 6 months prior or 12 months following the new patient visit; physical therapy or injections received for treatment of shoulder pain in the 12 months prior to the new patient visit; and any shoulders surgery within 12 months following the new patient visit. The study was granted approval by the Institutional Ethics Review Board.
Exclusion criteria
Aside from patients not meeting the inclusion criteria above, patients with less common diagnoses were also excluded from the study. The rationale for this is that the majority of patient complaints and therefore costs are due to common etiologies, including rotator cuff pathology, glenohumeral arthritis, adhesive capsulitis and non-specific shoulder pain. In addition to this, other, less common pathology is more complex to workup and diagnose and often done by the specialist. A list of diagnoses that were excluded are shown in table 1. In addition, patients presenting to the clinic without a chief complaint of shoulder pain (elbow pain or other upper extremity complaint) were also excluded.
Introduction
Shoulder pain is a highly prevalent ailment in the U.S., affecting a self reported 16-34% of the population [1, 2] , with rotator cuff pathologies alone accounting for more than 4.5 million physician visits per year [3] . The evaluation and treatment of these patients can be very costly, with imaging often accounting for a majority of these costs [4] . Magnetic resonance imaging (MRI), is a very useful diagnostic tool for evaluating shoulder pain and identifying pathology, however, discretion is highly encouraged when considering its use due to its high cost [5, 6] . Many patients with shoulder pain have common pathology that can be evaluated and treated effectively based solely on a careful history and physical exam, and without the use of MRI [7] . In these cases, the use of advanced imaging represents an unneeded expense. With current and impending changes in Treatment patterns for new patients who were evaluated with MRI are presented in table 2 by final diagnosis, based on MRI findings, clinical evaluation and, where applicable, surgery. Table 3 depicts specific subgroups among those who had an MRI. Prior treatment was considered to be at least 1 injection or a trial of physical therapy within the 6 months prior to the MRI study. Surgery was documented when performed within the practice and in the 12 months following the initial visit.
Based on a generalized application of our suggested protocol, 96 out of the 275 MRIs that were ordered and reviewed in this study fell outside of the suggested indications. Out of these 96 patients, 20 eventually underwent surgery. Among the 20 patients who underwent surgery that would not have required an immediate MRI according to our protocol, 6 had a diagnosis of arthritis and 14 had partial thickness rotator cuff tears. The rates for each group within the protocol to undergo surgery are shown in table 4.
Discussion
The results of this study highlight the opportunity for increased discretion to be used when ordering MRI studies for patients presenting with shoulder pain, as was hypothesized. Although each case requires unique clinical judgment, general trends can help identify patient groups where such discretion could be particularly warranted. One in four patients who had an MRI ordered to evaluate their shoulder pain did not have any formal treatment beforehand and also did not receive surgical treatment (Table 3 ). This category of patients was mainly composed of those who had a diagnosis of partial thickness rotator cuff tear, rotator cuff tendinitis, benign shoulder pain or arthritis. It is possible that for this subgroup of patients, a well-focused physical exam, steroid injection or trial of physical therapy could greatly reduce the number of patients in this group who require an MRI to be successfully treated.
A suggested protocol to evaluate patients presenting with common shoulder pain and when an MRI may be necessary is presented in figure 2 . In general, all patients should attempt non-operative treatment prior to having an MRI, with the exception of young
Results
Over the 12-month period, 734 new patients were identified, of which 547 had a chief complaint of shoulder pain and 491 of those had a common shoulder diagnosis and were further evaluated by the study. Common diagnoses were considered to be all types of rotator cuff tear, rotator cuff tendinitis, glenohumeral arthritis, adhesive capsulitis and general shoulder pain. A total of 56 patients with other diagnoses were excluded from the study based on the exclusion criteria.
The use of MRI in evaluating these patients is represented in figure 1 . not exhaustive for all shoulder pathology, such as trauma, but it can be used as an initial starting point to help create more discretion with patients presenting acutely with rotator cuff weakness, particularly those who have had a shoulder dislocation. This protocol is obviously patients who elected to have surgery outside of this health system may have been missed by this study. In terms of future study, it would be of value to repeat a similar study following the implementation of our suggested protocol, in order to quantify its effectiveness.
Conclusion
It is clear that there is room for improvement in MRI ordering habits for patients presenting with shoulder pain. There are a number of conditions, including glenohumeral arthritis, where imaging is almost never required, and many other cases where non-operative treatment may resolve shoulder pain without the need for MRI studies. Given the high cost of these studies, this represents an area where costs savings are attainable in conjunction with improving care for patients with shoulder pain. Use of a proposed management protocol could aid in decision making for MRI use and likely reduce the costs of treating shoulder pain. ordering MRI's for both primary care physicians and the specialist. The authors recognize that in order for this protocol to be further implemented into clinical practice, it would require a collaborative effort between the specialist and the primary care referral physicians, especially to review pertinent clinical exam findings and to make it more exhaustive for the more uncommon shoulder pathologies.
Considering the 96 patients who were imaged prematurely as per the protocol, 68 of the studies were ordered by referring physicians (35.0% of the 196 ordered), and 28 were ordered by a shoulder and elbow surgeon (35.5% of the 79 ordered). This illustrates the potential for increased discretion in MRI ordering for surgeons in addition to referring physicians.
Out of these 96 patients who could have been treated without MRI or benefited from a trial of therapy prior to MRI imaging, 20 did eventually undergo surgery, indicating that at least 76 patients may have never required an MRI. These studies can be considered unnecessary since they did not change the management of these patient's conditions, either directly or by influencing their plan of care. All of these patients were diagnosed with pathology that does not require an MRI for diagnosis and treatment, and none of them required advanced imaging for surgical planning. Considering that Medicare reimbursement for an upper extremity joint MRI without contrast is $347.53, at least $26,381.88 can be considered a wasteful expense for new patients presenting to this practice with shoulder pain over one year, as no value was provided by these unnecessary studies [8] .
There are several other indirect mechanisms by which unnecessary MRI studies increase the costs of treating patients with shoulder pain, namely that abnormalities are often found in asymptomatic individuals [9, 10] , and that early advanced imaging can lead to more unnecessary referrals to specialists [11] . In fact, an argument could be made that advanced imaging and possible referral to a surgeon would increase patient anxiety and costs while lowering satisfaction, in the majority of cases where non-operative treatment is indicated [3] .
Although this study presents quantitative data on MRI ordering patterns it is important to keep in perspective that it is generalizing some broad guidelines to a subset of patients who visit a shoulder and elbow surgery specialty practice. There are undoubtedly exceptions to our categorizations and certainly some patients who's need for an MRI may not have been accurately captured by chart review. Other reasons for MRI ordering not accounted for in our study include cases where a patient may be adamant that they have the study and where a placebo affect from an MRI study plays a role in treatment. Finally, it is worth noting that many patients presenting with shoulder pain are managed non-operatively without any advanced imaging, and also that many patients who have a clean MRI may never see a surgeon. This represents an abundance of cases that would exemplify wellmanaged shoulder pain as well as cases of inappropriately ordered MRI studies that were not included in this study. Additionally,
